We observed the two -photon excitation of the ground state, A frequency doubled, nitrogen laser pumped, dye laser producing approximately 1 kW at 39606.5 cm-1 was the exciting source. The excited state produced was observed by photomultiplier detection of the fluorescent decay to the intermediate 3P2 state in the near infrared. With Xenon at 6 torr, an absorption bandwidth of about 0.50 cm-1 was observed. Due to Doppler broadening, no isotopic shift or hyperfine structure was resolved.
Introduction
Laser excitation is a promising method for real -time analysis of trace constituents, especially for the noble gases, where chemical methods of analysis are impossible. Krypton and Xenon are of particular interest as effluents from nuclear reactors.
The high intensities and narrow bandwidths available with laser excitation form a basis for a highly sensitive method of analysis with isotopic selectivity. In this paper, we present the results of initial studies on the two -photon excitation of ground state Xenon.
Two -Photon Absorption (TPA)
Multiple quantum transitions were first discussed by Goeppert -Mayer in 19291.
Since any detailed discussion of the theory of TPA is impossible here, we would like to direct those interested to any of the excellent reviews appearing in recent years.2 Much of the interest in TPA is founded in the ability to reach high excited states inaccessible to single photon excitation, and to excite "forbidden" states which are allowed under the even parity selection rules applicable to TPA. Another interesting aspect of TPA in gases, proposed by Vasilenko et al. in 19703 , is the capability of producing Doppler -free spectra by counterpropagating the two photons to be absorbed.
This has been experimentally demonstrated by several workers4 and has allowed very accurate measurements of isotopic shifts and hyperfine splittings.
Xenon Figure 1 shows a Grotian diagram for the lower lying spectroscopic states of Xenon. The high energy of even the lower excited states prevents using current'y available tunable lasers for single photon excitation. For experimental reasons the D2 state was chosen for initial excitation studies. Figure 2 illustrates the dye laser system used in these experiments. Thirty percent of the output of a .5 megawatt, 5 nanosecond FWHM nitrogen laser (N2) is used to pump a dye laser oscillator.
Experimental
The dye oscillator cavity is tuned by a combination of a 316 line /mm diffraction grating (DG) operating in 8th order and a piezoelectrically tuned Fabry -Perot (FP) etalon.
A telescope (T) is located between the etalon and dye cell (D1) to increase the effective resolution of the grating. The output of the oscillator is passed through a Brewster prism to remove spurious superradiant emission and is then focused into a second dye cell (D2).
This cell, which is pumped by the remainder of the nitrogen laser's output, acts as a single -pass amplifier. The amplified signal is then focused into a lithium formate monohydrate (LFM) frequency -doubling crystal.
The second harmonic frequency generated by the crystal is isolated from the fundamental by a fused silica prism and then fo- 
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Experimental Figure 2 illustrates the dye laser system used in these experiments. Thirty percent of the output of a .5 megawatt, 5 nanosecond FWHM nitrogen laser (N 2 ) is used to pump a dye laser oscillator. The dye oscillator cavity is tuned by a combination of a 316 line/mm diffraction grating (DG) operating in 8th order and a piezoelectrically tuned Fabry-Perot (FP) etalon. A telescope (T) is located between the etalon and dye cell (D-^) to increase the effective resolution of the grating. The output of the oscillator is passed through a Brewster prism to remove spurious superradiant emission and is then focused into a second dye cell (D^). This cell, which is pumped by the remainder of the nitrogen laser's output, acts as a single-pass amplifier. The amplified signal is then focused into a lithium formate monohydrate (LFM) frequency-doubling crystal. The second harmonic frequency generated by the crystal is isolated from the fundamental by a fused silica prism and then focused into the sample cell. The sample fluorescence is isolated from background scatter by a Bausch and Lomb monochrometer and 3 mm of Schott RG 695 glass (F). The fluorescence is detected with an RCA C31034 photomultiplier (PM). The second harmonic intensity is monitored with a pyroelectric joulemeter (JM). The pulsed signals from both detectors are amplified and converted to d The normalized signal is used to drive the Y -axis of an X -Y recorder while the X -axis is driven by the ramp generator scanning the FP. Figure 3 shows the two -photon excitation spectrum of a sample of naturally occurring Xenon at a pressure of 6 torr. The spectrum is obtained by piezoelectrically scanning the FP through several free spectral ranges (FSR).
The two peaks shown result when two different orders of the FP coincide with the transition. Since the FSR is known from the gross spacing, this gives a measurement of the absorption bandwidth.
With a 1 cm spacing, the two peaks are separated by 1 cm-1 at the second harmonic. From Figure 3 , the FWHM of the Xenon transition is about 0.25 of the FSR or 0.25 cm tat the second harmonic. This corresponds to a FWHM of 0.50 cm at the actual excitation energy. The two peaks result as two successive orders of the Fabry -Perot etalon are scanned across the transition. The 1.0 cm-i spacing is at the frequency produced by the LFM doubling crystal.
Conclusion
The lack of structure in the spectrum may be caused by either instrument limitations or Doppler broadening which can obscure splitting due to mass effects and hyperfine interactions.
Because the intracavity etalon cannot be exactly perpendicular to the beam, the finesse is probably quite low and therefore our bandwidths, large.
Attempts to eliminate the Doppler effect by using counterpropagating beams have resulted in the same bandshape and width, supporting the theory that the spectra obtained have been resolution limited by the laser system.
Installation of a second Fabry -Perot between the oscillator and external amplifier should produce transform limited bandwidths, allowing resolution of hyperfine structure.
Future Work. Using Potassium Pentaborate as the doubling crystal, similar work is planned for the 1D2 state of Krypton at about 93,000 cm -1.
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